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STUDIES OF EPIDERMAL PROTEIN METABOLISM
II. SOLUBLE EPIDERMAL PROTEINS*
HOWARD P. BADEN, M.D.t AND IRWIN M. FREEDBERG, M.D.tt
Keratinization is a process which results in
the production of a highly insoluble molecular
species. Since current concepts of protein syn-
thesis involve the production of protein molecules
on the surface of ribosomes and their subsequent
release, it was felt that a soluble precursor of
keratin might be produced in the epidermal cell.
Previous studies of epidermal proteins, how-
ever, have for the most part ignored the soluble
proteins and focused largely upon the characteri-
zation of keratin and the products of treatment
of keratin with various protein denaturing
agents. Rudall (1) unable to obtain soluble
myosin-like proteins with saline or phosphate
buffers, extracted cow's snout with 6 M urea
and described two solubilized proteins. One was
a fibrous type, while the second was non-fibrous.
Rowe (2) extracted whole epidermis with lithium
bromide and demonstrated a protein that could
be stretched into a ifim. Much additional work
has been done on the extraction of wool and
feathers in order to define their chemical struc-
ture (3, 4).
Harkness (5) extracted whole rabbit skin with
phosphate solution and demonstrated soluble
proteins by electrophoresis which resembled but
were not identical to the serum protein pattern.
Matoltsy (6) used dilute neutral phosphate buffer
to extract heat separated human epidermis and
demonstrated two bands by paper electrophoresis.
More recently, Kobayashi (7) has been able to
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show a more complex pattern in extracted human
epidermis.
It seems clear that the role of these soluble
epidermal proteins has not been adequately
considered. In many studies no attempt has been
made to distinguish them from those proteins
solubilized by denaturing agents. This study was
undertaken, therefore, to more clearly define the
soluble epidermal proteins.
MATERIALS AND METHODS
It'! aterials
Guinea-pig, pig, and rabbit skin was removed
immediately after sacrificing the animals, while
human skin was obtained from surgical specimens
within 4 hours of excision. After removal of the
hair with epilating wax, the skin was stretched
on a specially designed apparatus (8), and the
epidermis was mechanically separated. Since it
was noted that during stretching, serum exuded
from the dermis, some specimens were separated
by heating the skin to 58° C for 30 seconds. Serum
exudation was not noted during the latter pro-
cedure. In order to minimize serum contamination
even more, the sheets of heat-separated epidermis
were washed in several changes of isotonic saline.
Methods
The epidermis was homogenized for 2 minutes
in 6 volumes of 0.05M phosphate buffer at pH 7.3
in a conical glass homogenizer at 0° C. The homog-
enate was agitated at 4° C for 18 hours and cen-
trifuged at 4° C for 1 hour at 15,000 X G. The
supernatant fluid was decanted and the entire
procedure was repeated on the precipitates. The
supernatant fluids were combined and dialyzed
against 0.0005 M veronal buffer. The dialysate was
lyophilized and stored in a desiccator at 4° C.
A 6% solution of protein in 0.05 M veronal buffer
pH 8.6 was prepared immediately prior to use.
Three methods of electrophoresis were used:
paper, agar gel, and starch block. A Spinco Model
R Series D apparatus was used for the paper with
Veronal buffer, pH 8.6, ionic strength, .05. For the
agar electrophoresis, a modification of the method
described by Shimao (9), using Veronal buffer and
1% Difco agar was employed. The frame was 9 ><
14 cm., and the volume of hot gel poured into it
was calculated to give a thickness of 1 mm. Amper-
age varied from 0.55 tc 2.0 milliamps/cm. of width,
while the voltage varied from 0.7 to 3.0 volts/cm.
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FIG. 1. Plot of relative optical density of guinea-
pig serum and soluble epidermal protein eluted
from an agar plate stained with analine blue
black. 0 = serum X = epidermis.
of length, depending on the duration of the run.
The gel film was stained with 0.2% Aniline Blue
Black in glacial acetic acid and alcohol prior to
drying at roomtemperature. The protein content
of the fractions was measured by extraction of
the cut gel with 0.1 N sodium hydroxide and spec-
trophotometric determination of the optical den-
sity of the eluates at 600 mji. The values so
obtained were corrected for the differences in the
size of the blocks cut and a relative optical density
was thus obtained.
Starch block electrophoresis was done as
described in a previous paper (8). Protein was
determined gravimetrically following trichloro-
acetic acid precipitation (10), while the specific
activity of the various fractions obtained from
the starch blocks was measured as previously
reported (5).
For the immunologic studies, antibodies were
produced against guinea-pig serum and soluble
epidcrmal protein. Five pound male rabbits were
immunized with 10 mg. of serum or epidermal
protein in Freund's adjuvant and boosted at 4—6
week intervals with an alum precipitated prepara-
tion. Bleedings were obtained before the first
booster and 7—10 days after each booster series.
The serum was separated and stored at —20° C.
Double diffusion was performed as described by
Ouchterlony (11). The method of Wunderly (12)
was used for immunoclcctrophoresis, while the
diffusion constants and molecular weights were
measured by the method described by Allison and
Humphrey (13).
RESULTS
A plot of the relative optical density of eluates
from a stained agar gel eleetrophoretie pattern
of serum and soluble protein from stretch
separated guinea pig epidermis is shown in
Figure 1. Protein bands migrating with the
same velocity as serum albumin, a1 globulin
and perhaps $ globulin may be distinguished
in the epidermal specimen. The globulins are
superimposed on a broad unresolved band ex-
tending from behind albumin to the 7 globulin
region. By increasing the protein concentration
of the sample it was possible to show an additional
band migrating ahead of albumin. This band
could not be reproduced in similar experiments
using serum or the soluble protein fraction of
dermis. Fig. 2 compares the relative optical
density of eluates from eleetrophoretic patterns
of heat and stretch separated guinea pig epi-
dermis. The heat separated samples show much
less albumin although two discrete globulin
bands are seen.
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FIG. 2. Plot of relative optical density of the
soluble protein from stretch and heated separated
guinea-pig epidermis eluted from an agar plate
stained with analine blue black. 0 = heat sepa-rated X = stretch separated.
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Fio. 3. Agar electrophoresis of rabbit serum and soluble epidermal protein and human serum and
soluble epidermal protein. The rabbit and human specimens were run simultaneously.
Electrophoretic patterns of rabbit, human
and pig stretch separated soluble epidermal
proteins are essentially similar to those of the
guinea-pig (Fig. 3 and 4). The principal serum
hands and the more diffuse globulin hand are
again seen.
In vivo incorporation experiments were done
by injection of C-14 methyl methionine into
adult male guinea-pigs. The soluble protein was
extracted from the epidermis and starch block
electrophoresis was done on this material.
A plot of specific activity versus distance of
migration of soluble protein from an animal
sacrificed 2 hours after injection is shown in
Figure 5. The first trough of low specific acitity
(block +5) corresponds in migration distance
to serum albumin and has the same specific
activity as that protein. There is a peak of ac-
tivity migrating in front of this (block +6)
and 2 more behind it (+3 and 0). The specific
activity pattern of serum shows no prealbumin
peak, but does show a rise in the a1 and $
globulin regions approaching the values obtained
for epidermal protein. Since the specific activities
are similar for epidermis and serum in the globu-
lin region, and since (as shown in Fig. 1) in
epidermal samples serum contamination accounts
for less than 33 the protein of this region, the
high counting rate is consistent with incorpora-
tion into skin proteins.
An immunoelectrophoretic pattern of the
soluble protein of stretch separated guinea-pig
epidermis developed with anti-guinea-pig serum
antibody is shown in Figure 6. The multiple lines
shown (including the multiple albumin lines)
reflect the serum contamination of the epidermis.
In contrast is seen an immunoelectrophoretic
pattern of soluble protein from heat separated
washed epidermis. Here is seen a single albumin
line, plus both a1 and 3 globulin lines.
Bleedings from rabbits immunized against
soluble epidermal protein have also been used
for immunologic studies. Utilizing the Ouch-
terlony technic, with rabbit serum from an early
bleeding a single line was seen with guinea-pig
serum as the antigen, while two were noted
against epidermis. By immunoelectrophoresis
it was possible to demonstrate that the single
line against serum corresponded to albumin.
When the antibody was absorbed with guinea-
pig serum and soluble epidermal protein was
used as the antigen a single line apparently
unique to the epidermis was noted. Using serum
of hyperimmunized rabbits it was found that
antibody absorbed with guinea-pig serum gave
four lines with guinea-pig epidermal protein
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both by the Ouchterlony technic and by im-
munoeleetrophoresis (Fig. 7). This was in con-
trast to the multiple lines seen with unabsorbed
antibody and guinea-pig epidermal protein.
Soluble proteins extracted from guinea-pig
heart, lung, liver and dermis were investigated
to determine the presence of antigens common
with the epidermis. A single line of partial identity
with one epidermal line was found with all these
tissues. This is illustrated in Fig. 8 where liver
and epidermis are compared. The amount of
protein needed to produce visible precipitation
was much greater and the resulting line weaker
with all other tissues than the epidermis. When
immunoelectrophoresis was done using soluble
liver protein as the antigen, this line was shown
to correspond to line (B) of skin (Fig. 9). No
reactivity was seen with this antibody when run
against rat liver soluble protein.
In order to demonstrate that these antigens
were indeed proteins, the following studies were
undertaken. Extraction of lyophilized soluble
epidermal protein with 3/1 ethanol/ether at
—0° C did not abolish the reaction with the
antibody. An immunoelectrophoretic plate in
which the 4 lines had been allowed to develop
0
FIG. 5. Plot of specific activity versus distance
of migration on a starch block of labelled guinea-
pig soluble epidermal protein. Each block equals
two cm. and 0 indicates the origin.
was washed and treated with periodic acid and
Schiff's reagent (14). No significant concentra-
tion of PAS positive material was seen in any
of the lines. The soluble epidermal protein was
digested with trypsin at pH 8.0 and pepsin at
pH 2.0 for 24 hours at room temperature and
then immunoelectrophoresis was done. Trypsin
abolished lines (A) and (D), while pepsin re-
moved lines (A), (C) and (D) (Fig. 10). Further
treatment of the pepsin digested protein with
nagarse and chymotrypsin did not cause hy-
drolysis of the antigen responsible for line B.
More direct evidence for the protein nature
of antigen B was sought by performing immuno-
elcctrophoresis with soluble epidermal protein
labelled in vivo with C14 methionine. After de-
velopment of the plate with antibody, it was
washed and radioautography was done. One weak
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FIG. 4. Plot of optical density of human serum
and soluble epidermal protein cluted from an
agar plate stained with analine blue black. 0 =
serum X = epidermis.
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FIG. 6. Immunoelectrophoresis of soluble protein from stretch and heat separated guinea-pig epi-
dermis using anti-guinea pig serum antibody.
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Fm. 7a. A tracing of an immunoelectrophoretic
pattern of soluble guinea-pig epidermal protein
using antibody to the epidermal protein (late
bleeding). 1) Origin to which the soluble epidermal
protein was applied; 2) Trough with antibody; 3)
Trough with antibody absorbed with guinea pig
serum protein; (A) Line corresponding to the
prealbumin band; (B), (C) and (D) Lines corre-
sponding to the globulin bands.
bow corresponding to B was seen (Fig. 11).
It seems most likely that the other lines were
not seen because of their lower relative intensity.
Using immunologic technics recently described
(13) an attempt was then made to measure the
diffusion constants and molecular weights of
these reacting antigens. Figure 12 shows an
angle diffusion agar plate with soluble epidermal
protein and absorbed antiserum from one of the
earlier bleedings. Here one may see a line which
FIG. 7b. Ouehterlony plate using guinea-pig
soluble epidermal protein and absorbed antibody.
by immunoelectrophoresis was shown to cor-
respond to (B). The calculated diffusion con-
stant for this antigen was about 5.30 X 10
cm2 sec'. When later bleedings were utilized
the diffusion constant of C was shown to be simi-
lar, and although lines (A) and (D) were not well
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FIG. 8. A tracing of an Ouchterlony plate show-
ing partial cross reactivity between guinea-pig
epidermal and liver soluble protein. 1) Soluble
liver protein well; 2) Soluble epidermal protein
well; 3) Antibody to epidermal protein absorbed
with guinea-pig serum.
data on the calibration of the gelatin and a known
lactic dehydrogenase system as a standard, the
molecular weight was calculated to be 70,000,
assuming a spherical molecule. Although definite
values could not be obtained with the other
antigens, using the hyperimmunized serum
their molecular weights were definitely less than
this.
DISCUSSION
The electrophoretic pattern of soluble epi-
dermal proteins presents a complex picture.
There are distinct bands seen corresponding
to serum albumin, a2, and f3 globulin. Evidence
has been presented that these bands are, in fact,
immunologically identical to these serum pro-
teins. In stretch separated epidermal samples,
the presence of these proteins results in part
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FIG. 0. A tracing of an immunoelectrophoretic pattern of guinea-pig liver and epidermal soluble
protein using an antibody to the epidermal protein. 1) Origin to which soluble epidermal protein was
applied; 2) Origin to which soluble liver protein was applied; 3) Trough with antibody absorbed with
guinea-pig serum protein.
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FIG. 10. A tracing of an electrophoretic pattern
of guinea-pig soluble epidermal protein before
and after pepsin digestion at pH 2 for 24 hrs. at
room temperature. 1) Origin to which soluble
epidermal protein was applied; 2) Origin to which
pepsin digested soluble epidermal protein was
applied; 3) Trough with antibody to epidermal
protein absorbed with guinea-pig serum protein.
developed, their diffusion constants also ap-
peared to be of this magnitude. Measurement of
the molecular weight was attempted by using
the gelatin well technic (13) with serum from an
early bleeding in which a single line was de-
veloped against antigen (B). Using Humphrey's
—---. B
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FIG. 11. A tracing of a radioautograph of an
immunoelectrophoretic pattern using C14 labelled
epidermal proteins.
from contamination with serum and extracellular
fluids. However, in heat separated and washed
epidermis, the presence of these bands suggests
that there may be extracellular fluid proteins
circulating in the epidermis. This hypothesis is
supported by the immunoelectrophoretic pattern,
which shows a single albumin line and the lack
of many other lines seen in the stretch separated
epidermis. This immunoelectrophoretic pattern
may be interpreted as indicating the absence of
some serum protein or their existence in amounts
that cannot be detected by the antibody. It is
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FIG. 12. Angle diffusion plate using soluble
epidermal protein and absorbed antibody. tan 0 =
( Diffusion Constant antigen \h12
\Diffusion Constant antibody)
known that the protein composition of the various
extraeellular fluid compartments differs from
the serum and one might expect this to be true
of epidermis as well.
In addition to these serum proteins, the dee-
trophoretic pattern reveals proteins apparently
unique to the epidermis. These are seen as a
diffuse zone overlapping the a and fi regions.
Similar patterns of soluble epidermal proteins
may be seen in rabbit, pig and human skin.
Within the diffuse zone, there appear to be at
least two distinct bands which are best seen in
heat separated guinea-pig epidermis (Fig. 2).
In addition, there is a prealbumin band which
is clearly demonstrated only in the guinea-pig
skin. Although a similarly migrating band has
been previously demonstrated in serum and other
tissues, amino acid incorporation experiments
have demonstrated high methionine specific
activity in this region in epidermal soluble pro-
teins, but not in serum. This finding serves to
label the epidermal prealbumin as a distinct
entity.
The immunologic studies using antibodies to
soluble guinea-pig epidermal proteins have
corroborated the eleetrophoretic studies. A line
corresponding to the prealbumin (A) and three
lines (B, C, D) corresponding to the two globulin
bands have been demonstrated. The enzyme
studies prove that at least 3 of these antigens
(A, C, D) are proteins. The fourth antigen (B),
although not digested by proteolytie enzymes
was not removed by lipid solvents and not
specifically stained by Schiff reagent; however,
by radioautography it was possible to demon-
strate that amino acids were incorporated. It is
concluded from these considerations that this
antigen is a protein resistant to enzymatic di-
gestion. The finding of a soluble protein resistant
to proteolytic enzymes is interesting when one
realizes that the insoluble fibrous protein of the
skin is also resistant to these enzymes.
The cross-reactivity of these antibodies with
proteins extracted from guinea-pig liver, lung
and heart demonstrated that these tissues contain
a protein similar to B in the skin. The possibility
is unlikely that B represents a connective tissue
constituent ubiquitous to all organs and is
found in our epidermal samples merely from
dermal contamination. The intensity of the
line with dermis was less than that of the epi-
dermis using similar concentrations of protein.
When the epidermis was washed, B still produced
a stronger line than the other antigens. And
finally, the occurrence of a spur on the double
diffusion plate suggests that the antigens of epi-
dermis and the other tissues are similar but not
identical.
From these studies it is impossible to draw
conclusions as to the biological significance of
any of the proteins which have been found.
They may include enzymes, eonstituitive pro-
teins and perhaps soluble precursors of the
insoluble portions of the cell. Studies are in
progress to more precisely categorize each of the
proteins.
SUMMARY
1. The electrophoretie patterns of soluble
proteins from human, guinea-pig and rabbit
epidermis have been studied.
2. Three protein hands distinct from serum
have been observed with agar gel electrophoresis.
Using immunologic technies, four distinct epi-
dermal proteins have been demonstrated, one of
which shows resistance to proteolytic enzymes.
3. Diffusion constants of all and the molecular
weight of one of the proteins has been measured.
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